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Here we describe a simple, clean, and efﬁcient solvent-free protocol for the synthesis of bis(indolyl)meth-
anes promoted by silica gel. The products were obtained in good to excellent yields through the reaction
of indoles with cyclohexanone and a range of aldehydes. The silica gel was easily recovered and utilized
for further reactions without loss of activity.
 2012 Elsevier Ltd. All rights reserved.The indole unit forms the basis for general bis- and tetra(indo-
lyl)methanes, which are widely present in bioactive metabolites of
numerous compounds isolated from natural sources.1,2 Even the
structurally prosaic bis(3-indolyl)methane (BIM), a metabolite of
naturally occurring indole-3-carbinol, was effective in cancer che-
motherapy.3,4 It induces unique responses such as growth inhibi-
tion, apoptosis, and antiangiogenic activities in various cancer
cell lines and tumors.3 1,1-Bis(3-indolyl)-1-(p-bromophenyl)meth-
ane, in its turn, inhibits colon cancer cell and tumor growth.4
Due to their biological and pharmacological activities, there is a
plethora of synthetic methods described for the selective synthesis
of BIM derivatives, the most common of them involving the acid-
promoted electrophilic substitution of indoles with carbonyl com-
pounds.5 These reactions are highly atom-efﬁcient, but the use of
toxic and expensive reagents and volatile solvents are drawbacks
that limit the scale-up of most of these procedures. Recently,
greener approaches on the preparation of bis(indolyl)methanes
have been described by us6 and others.7 These comprise the use
of FeCl3-based ionic liquid,7a modiﬁed zirconia,7b ZnO,7c oxalic
acid,7d trityl chloride,7e and catalytic [bmim][MeSO4]7f under sol-
vent-free conditions, glycerin/CeCl37H2O,6 dodecylsulfonic acid
in water,7g and PEG-supported sulfonic acid.7h HBF4/SiO2,7i CeCl3.7-
H2O/NaI/SiO2,7j HClO4/SiO2,7k and AlCl3/SiO27l were successfullyll rights reserved.
x: +55 47 4009 7940.
ndes).used as heterogeneous, silica-supported catalytic systems for the
selective synthesis of a series of BIM derivatives.
In the last years, the use of silica gel to promote organic synthe-
sis has drastically increased.8–10 Because it is easily available, inex-
pensive, nontoxic, and separable from the product without
difﬁculty, due to its insolubility in organic solvents, silica gel is a
green alternative to organic reactions that are catalyzed or medi-
ated on solid surface. Used as solid support9 or alone,10 silica gel
has migrated over the years from the ending, puriﬁcation step, to
the reaction step in the synthesis.8 Except for four works using
SiO2 as a solid support,7i–l to the best of our knowledge, the use
of silica gel alone as a solid surface in the synthesis of bis(indo-
lyl)methanes was not explored.
Because of our interest in the development of greener protocols
for ﬁne chemical synthesis,11 we decided to explore the viability of
using silica gel to promote the electrophilic substitution of indoles
with carbonyl compounds, speciﬁcally targeting the preparation of
bis(indolyl)methanes (Scheme 1).
Our initial studies were focused on the development of an opti-
mum set of reaction conditions for the synthesis of BIMs (Scheme
1). Firstly, indole 1a (1.0 mmol) was reacted with benzaldehyde 2a
(0.6 mmol) on silica gel (10 mg) for 2 h at 100 C in open atmo-
sphere. Under these conditions, the desired product 3a was ob-
tained in 87% (Table 1; entry 1). In a search for an even higher
yield, we varied the amount of silica gel and, gratifyingly, a 99%
yield of 3a was obtained when 50 mg was used (Table 1, entry
3). Finally, the reaction was performed at different temperatures.
Table 2
Scope and generality in the synthesis of bis(indolyl) methanes 3a–l using indoles 1a–c and carbonyl compounds 2a–ja
Entry Indole Carbonyl Compound Time (h) Product Yieldb (%)
1 NH
1a
CHO
2a
1.0
N
H
N
H3a
C6H5
99
2 1a 2b
CHO
1.0
3bNH
N
H
4-CH3C6H4
98
3 1a
2c
CHO
1.0
3cNH
N
H
3-CH3C6H4
96
4 1a
CHO
2d
CH3O
2.5
3dNH
N
H
4-CH3OC6H4
78
5 1a
CHOCl
2e
3.0
N
H
N
H3e
4-ClC6H4
96
(continued on next page)
Table 1
Optimization studies using indole 1a and aldehyde 2aa
silica gel
3a
N
H
N
H
C6H5
N
H1a
CHO
2a
+
Entry SiO2 (mg)b Temperature (C) Time (h) Yield of 3ac (%)
1 10 100 2 87
2 25 100 2 93
3 50 100 1 99
4 50 r.t. 2 57
5 50 50 1 47
6 50 75 1 89
a Reactions performed with aldehyde 2a (0.6 mmol), indole 1a (1.0 mmol), and silica gel at the indicated temperature.
b Silica gel for column chromatography Acros Organics, 0.060–0.200 mm, 60 Å.
C Determined by GC, based on the amount of indole 1a.
N
+
N N
100 °C
silica gel
R4R3
R3 R4
OR1
R2
R2R2
R1R1
Scheme 1.
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Table 2 (continued)
Entry Indole Carbonyl Compound Time (h) Product Yieldb (%)
6 1a CHO
Br
2f
1.5
3fNH
N
H
2-BrC6H4
92
7 1a 2g
CHO
3.0
N
H
N
H
C6H5
3g
97
8 1a
O CHO
2h
3.0
3hNH
N
H
O
96
9 1a
2i
CHO
4.0
3iNH
N
H
88
10 1a 2j
O
8.0
3jNH NH
72
11 N
H
1b
Br
2a 4.5
3kNH
N
H
C6H5Br Br
91
12
N
1c Ts
2a 9.0
3l
N N
C6H5
Ts Ts
81
a Conditions: indole 1 (1.0 mmol), carbonyl compound 2 (0.6 mmol) on silica gel (50 mg) at 100 C under air atmosphere.
b Yields of pure products isolated by column chromatography (hexanes/EtOAc) and identiﬁed by GC–MS and 1H and 13C NMR.
5404 S. R. Mendes et al. / Tetrahedron Letters 53 (2012) 5402–5406At room temperature, a signiﬁcant decrease in the yield of 3a was
observed after 2 h (Table 1, entry 4). When the reaction was carried
out at 50 and 75 C, the product was also obtained in low yields
comparable to the reaction performed at 100 C (Table 1, entries
5–6 vs. entry 3). Thus, the best condition for the reaction was the
use of silica gel (50 mg), indole 1 (1.0 mmol), and aldehyde 2
(0.6 mmol) at 100 C under air atmosphere (Table 1, entry 3).12
In order to demonstrate the efﬁciency of this protocol, we ex-
plored the generality of our methodology reacting other aldehydes
and cyclohexanone 2b–j with different indoles 1a–c (Table 2). For
all the studied examples, the BIMs were obtained in good to excel-
lent yields after stirring at 100 C for 1 to 9 h. When aldehydes
were used, the respective products were obtained in slightly higher
yields (Table 2, entries 1–9 and 11–12). For aromatic, vinylic, and
heteroaromatic aldehydes, the bis(indolyl)methanes 3a–h were
obtained in excellent yields after stirring for 1 to 3 h (Table 2,entries 1–8). However, when aliphatic aldehyde 2i and cyclohexa-
none 2j were reacted, the corresponding BIMs 3i and 3j were ob-
tained in 88% and 72% yields, respectively (Table 2, entries 9 and
10). When substituted 5-bromo-1H-indole 1b was reacted with
benzaldehyde 2a, the indole derivative 3k was obtained in high
yield (Table 2, entry 11). It is worth mentioning that the indolic
nitrogen need not be protected. Thus, we performed the reaction
with 1-tosylindole 1c and benzaldehyde 2a and the corresponding
product 3l was obtained in 81% yield after 9 h (Table 2, entry 12).
Furthermore, a study regarding the recovering and reusing of
the silica gel was also performed. The silica gel can be successfully
reused up to ten times without any pre-treatment with excellent
results (Fig. 1). Thus, after the completion of the reaction of indole
1a and benzaldehyde 2a, product 3a was simply extracted with
ethyl acetate. The solid phase was separated and dried under vac-
uum; the recovered silica gel was reused directly in a new reaction
100 oC, 8 h
silica gel
3a
N
H
N
H
C6H5
N
H1a
CHO
2a
+
2j
O+
Scheme 2. Chemoselectivity of the reaction.
100 oC
silica gel
3a
N
H
N
H
C6H5
N
H1a
CHO
2a
+
Figure 1. Reuse of silica gel in the synthesis of 3a.
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used ten times. The product 3a was obtained in yields between
99% and 92% after successive cycles (Fig. 1).13
Finally, the chemoselectivity of the reaction was also investi-
gated. Thus, a mixture of benzaldehyde 2a (0.6 mmol), cyclohexa-
none 2j (0.6 mmol), and indole 1a (1.0 mmol) was subjected to
reaction on silica gel for 8 h at 100 C. The only product obtained
was 3a, derived from benzaldehyde 2a, in 97% yield, while cyclo-
hexanone was recovered (Scheme 2). This result shows the high
chemoselectivity of our method.
In conclusion, silica gel has proved to be an effective and recy-
clable solid surface for the synthesis of bis(indolyl)methanes. The
method is simple, chemoselective, general, and the products were
obtained in good to excellent yields after stirring for a few hours.
Another beneﬁt of the described procedure is the possibility of di-
rect reuse of the silica gel for several cycles that, together with the
solvent-free conditions, is particularly relevant considering the
green chemistry concepts.
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